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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresi stance effect element, a 

magnetic memory, a magnetic head, and a magnetic reproducing apparatus 
capable of maintaining high enough magneto-resistance ratio and 
preventing increase of inverting magnetic field even for reduced size. 
SOLUTION: The magnetoresi stance effect element 1 comprises: a first 
ferromagnetic layer 3 for keeping a direction of magnetization prepared 
for no application of magnetic field in the prescribed magnetic field; a 



second ferromagnetic layer 4 capable of varying a direction of 
magnetization prepared for no application of the magnetic field in the 
prescribed magnetic field; and a first tunnel barrier layer 6 lying 
between the first ferromagnetic layer 3 and the second ferromagnetic 
layer 4. The first ferromagnetic layer 3, the first tunnel barrier layer 
6, and the second ferromagnetic layer 4 form a ferromagnetic tunnel 
junction, a composition of the ferromagnetic material included in the 
second ferromagnetic layer 4 is expressed by a general formula 
(CoFe) 100-xYx or (CoFeNi) 100-xYx, and the Y is at least one element 
selected from the group consisting of B, Si, Zr, P, Mo, Al, an Nb. 
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CLAIMS 



[Claim(s) ] 

[Claim 1] The 1st ferromagnetic layer holding the direction of the 
magnetization which it has in a predetermined external magnetic field at 
the time of un-impressing [ of said external magnetic field ], The 2nd 
ferromagnetic layer from which the direction of the magnetization which 
it has in said external magnetic field at the time of un-impressing [ of 



said external magnetic field ] may change, The 1st tunnel barrier layer 
which intervenes between said 1st ferromagnetic layer and said 2nd 
ferromagnetic layer is provided. Said 1st ferromagnetic layer, said 1st 
tunnel barrier layer, and said 2nd ferromagnetic layer form a 
ferromagnetic tunnel junction. The presentation of the ferromagnetic 
ingredient contained in said 2nd ferromagnetic layer is expressed with 
general formula (CoFe) 100-xYx or general formula (CoFeNi) 100-xYx. Said 
Y is a magneto-resistive effect component characterized by being at 
least one sort of elements chosen from the group which consists of B, Si, 
Zr, P, Mo, aluminum, and Nb. 

[Claim 2] Said x is a magneto-resistive effect component according to 
claim 1 characterized by satisfying the relation shown in inequality 
3<=x<=16. 

[Claim 3] The thickness of said 2nd ferromagnetic layer is a magneto- 
resistive effect component according to claim 1 or 2 characterized by 
being within the limits of 0. 3nm thru/or 2. 5nm. 

[Claim 4] The 3rd ferromagnetic layer and the 2nd tunnel barrier layer 
holding the direction of the magnetization which it has in said external 
magnetic field at the time of un-impressing [ of said external magnetic 
field ] are provided further. Said 2nd ferromagnetic layer said 3rd 
ferromagnetic layer and said 2nd tunnel barrier layer between said 1st 
tunnel barrier layer and said 2nd tunnel barrier layer It is arranged so 
that it may intervene and may be placed between said 2nd ferromagnetic 
layer lists by said 1st and 2nd tunnel barrier layers between said 1st 
ferromagnetic layer and said 3rd ferromagnetic layer. Said 3rd 
ferromagnetic layer, said 2nd tunnel barrier layer, and said 2nd 
ferromagnetic layer are a magneto-resistive effect component given in 
any 1 term of claim 1 characterized by forming a ferromagnetic tunnel 
junction thru/or claim 4. 

[Claim 5] Magnetic memory characterized by providing the 1st and 2nd 
wiring which intersects any 1 term of claim 1 thru/or claim 4 on^ both 
sides of the magneto-resistive effect component and said magneto- 
resistive effect component of a publication. 

[Claim 6] The magnetic head characterized by providing the base material 
which supports the magneto-resistive effect component and said magneto- 
resistive effect component of a publication in any 1 term of claim 1 
thru/or claim 4, and the electrode of a pair connected. to said magneto- 
resistive effect component. 

[Claim 7] The magnetic head which reads the information which possessed 
the electrode of a pair connected to the base material which supports 
the magneto-resistive effect component and said magneto-resistive effect 



component of a publication in any 1 terra of a magnetic-recording medium, 
claim 1, or claim 4, and said magneto-resistive effect component, and 
was recorded on said magnetic-recording medium, and magnetic-reproducing 
equipment characterized by providing the migration device in which said 
magnetic head is made displaced relatively to said magnetic-recording 
medium. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a magneto-resistive 
effect component, magnetic memory, the magnetic head, and magnetic- 
reproducing equipment. 
[0002] 

[Description of the Prior Art] The ferromagnetic single tunnel junction 
has the structure which comes to pinch a thin insulator layer in the 
ferromagnetic layer of a pair. If bias voltage is impressed using these 
ferromagnetism layer as an electrode, tunnel current will flow to a 
ferromagnetic single tunnel junction. 

[0003] In a ferromagnetic single tunnel junction, it changes depending 
on the include angle which the magnetization direction of the tunnel 
resistance at the time of tunnel current flowing, i.e., tunnel 
conductance, **, and one ferromagnetic layer and the magnetization 
direction of the ferromagnetic layer of another side, make. If it puts in 
another way, the magneto-resistive effect (magnetoresi stance effect) 
acquired by the ferromagnetic single tunnel junction is based on tunnel 
conductance changing according to the include angle which the 
magnetization direction makes between ferromagnetic layers. For example, 
it is the 1st direction where the magnetization direction of one 
ferromagnetic layer is parallel to a film surface, and when the 
magnetization direction of the ferromagnetic layer of another side is 
the 2nd direction of the reverse sense for the 1st direction, tunnel 
conductance serves as min. Moreover, when both the magnetization 
directions of these ferromagnetism layer are the 1st direction, tunnel 
conductance serves as max. 

[0004] The application to a device with such ferromagnetic various 
single tunnel junctions is expected. For example, about the 



ferromagnetic single tunnel junction which used one ferromagnetic layer 
as the magnetization fixing layer to which the magnetization direction 
was fixed, and used the ferromagnetic layer of another side as the free 
layer from which the magnetization direction may change according to an 
external magnetic field, using as a memory cell of solid-state MAG 
memory (or magnetic-random-access-memory :MRAM) is proposed, and this 
MRAM is already made as an experiment with low storage capacity. 
[0005] MRAM is fundamentally nonvolatile, and writing and read-out of a 
high speed are possible for it, and, moreover, it has the description 
which was [ be / the fatigue-proof property over the repeat of writing 
and read-out / high ] excellent. However, when the size of a memory cell 
is reduced with large-capacity-izing, a magnetic field required to 
reverse the magnetization direction of a free layer and so-called 
reversal magnetic field , become large, and MRAM has the problem that a 
write-in bigger current is needed, so that it may explain below. 
[0006] The reversal magnetic field of a free layer is proportional to 
1/W (W: width of face of a eel). Moreover, it is known that this 
reversal magnetic field is proportional also to Thickness t and the 
saturation magnetization Ms of a free layer. That is, the reversal 
magnetic field of a free layer is proportional to t-Ms/W. In addition, 
although it is necessary to impress the external magnetic field 
exceeding the demagnetizing field produced inside a free layer in order 
for that the reversal magnetic field of a free layer is proportional to 
1/W to rewrite the information which was made to reverse the 
magnetization direction of a free layer and was memorized by the MRAM 
eel, this demagnetizing field are because it is brought by the magnetic 
pole produced crosswise [ of a eel ]. 

[0007] What is necessary is just to decrease the thickness t of a free 
layer, in order to avoid that a reversal magnetic field increases when 
the size of a memory cell is reduced so that clearly from the above- 
mentioned proportionality. However, when thickness t is made thin, 
originally, the free layer which should be the continuation film is not 
obtained, but serves as a gestalt which distributed many particles on 
the substrate. Since the thin film which the particle of such a large 
number forms serves as paramagnetic material instead of a ferromagnetic, 
a magnetic-reluctance ratio will decrease remarkably. 
[0008] Moreover, when the size of a memory cell is reduced, in order to 
avoid that a reversal magnetic field increases, saturation magnetization 
Ms can also be decreased, however, in order to decrease saturation 
magnetization Ms, when a non-magnetic material is added into the 
ingredient which constitutes a free layer, it will be alike occasionally. 



it will carry out, also whenever [ spin polarization / of the conduction 
electron in a Fermi surface ] will fall, and the fall of a magnetic- 
reluctance ratio will be caused. 

[0009] That is, with the conventional technique, when the size of a 
memory cell was reduced, increase of the reversal field of a free layer 
was not able to be prevented, maintaining a magnetic-reluctance ratio 
high enough. In addition, the problem explained in relation to MRAM 
exists similarly in the magnetic head using a ferromagnetic single 
tunnel junction. Moreover, the problem mentioned above about the 
ferromagnetic single tunnel junction is the same also in a ferromagnetic 
duplex tunnel junction, 
[0010] 

[Problem (s) to be Solved by the Invention] This invention aims at 
offering the magneto-resistive effect component which maintains a 
magnetic-reluctance ratio high enough, and can prevent increase of a 
reversal field, magnetic memory, the magnetic head, and magnetic- 
reproducing equipment, when it is made in view of the above-mentioned 
trouble and size is contraction-ized. 
[0011] 

[Means for Solving the Problem] The 1st ferromagnetic layer holding the 
direction of the magnetization equipped with this invention in a 
predetermined external magnetic field at the time of un-impressing [ of 
said external magnetic field ] in order to solve the above-mentioned 
technical problem. The 2nd ferromagnetic layer from which the direction 
of the magnetization which it has in said external magnetic field at the 
time of un-irapressing [ of said external magnetic field ] may change, 
The 1st tunnel barrier layer which intervenes between said 1st 
ferromagnetic layer and said 2nd ferromagnetic layer is provided. Said 
1st ferromagnetic layer, said 1st tunnel barrier layer, and said 2nd 
ferromagnetic layer form a ferromagnetic tunnel junction. The 
presentation of the ferromagnetic ingredient contained in said 2nd 
ferromagnetic layer is expressed with general formula (CoFe) 100-xYx or 
general formula (CoFeNi) 100-xYx. Said Y offers the magneto-resistive 
effect component characterized by being at least one sort of elements 
chosen from the group which consists of B, Si, Zr, P, Mo, aluminum, and 
Nb. 

[0012] Moreover, this invention offers the magnetic memory characterized 
by providing said magneto-resistive effect component and the 1st and 2nd 
wiring which crosses on both sides of said magneto-resistive effect 
component. 

[0013] Furthermore, this invention offers the magnetic head 



characterized by providing said magneto-resistive effect component, the 
base material which supports said magneto-resistive effect component, 
and the electrode of a pair connected to said magneto-resistive effect 
component. 

[0014] In addition, this invention offers the magnetic-reproducing 
equipment characterized by providing the migration device in which the 
magnetic head which reads the information which possessed the electrode 
of a pair connected to the magnetic-recording medium, the base material 
which supports said magneto-resistive effect component and said magneto- 
resistive effect component, and said magneto-resistive effect component, 
and was recorded on said magnetic-recording medium, and said magnetic 
head are made displaced relatively to said magnetic-recording medium. 
[0015] As for Above x, in this invention, it is desirable to satisfy the 
relation shown in inequality 3<=x<=16. Moreover, as for the thickness of 
the 2nd ferromagnetic layer, in this invention, it is desirable that it 
is within the limits of 0. 3nm thru/or 2. 5nm. 

[0016] In this invention, the above-mentioned ferromagnetic tunnel 
junction may be a ferromagnetic single tunnel junction, or may be a 
ferromagnetic duplex tunnel junction. In the case of the latter, the 
above-mentioned magneto-resistive effect component has further the 3rd 
ferromagnetic layer and the 2nd tunnel barrier layer holding the 
direction of the magnetization which it has in the above-mentioned 
external magnetic field at the time of un-impressing [ of an external 
magnetic field ]. The ferromagnetic layer of them 3rd and the 2nd tunnel 
barrier layer are arranged so that the 2nd ferromagnetic layer may 
intervene between two tunnel barrier layers and the 2nd ferromagnetic 
layer and two tunnel barrier layers may intervene between the 1st and 
3rd ferromagnetic layers. 
[0017] 

[Embodiment of the Invention] Hereafter, this invention is explained 
more to a detail, referring to a drawing. In addition, in each drawing, 
the same reference mark is given to a similarly similar component, and 
the overlapping explanation is omitted. 

[0018] Drawing 1 is the sectional view showing roughly the magneto- 
resistive effect component concerning the 1st operation gestalt of this 
invention. The magneto-resistive effect component 1 shown in drawing 1 
has ferromagnetic single tunnel junction 2a. This ferromagnetic single 
tunnel junction 2a has the structure where the ferromagnetic layer 3 of 
a pair and the tunnel barrier layer 6 which consists of an insulator etc. 
among four were made to intervene. This ferromagnetic single tunnel 
junction 2a is constituted so that tunnel current may flow between these 



ferromagnetism layer 3 and 4 through the tunnel barrier layer 6. 
[0019] The ant i ferromagnetism layer 8 is arranged in the rear face of 
the field which touches the tunnel barrier layer 6 of the ferromagnetic 
layer 3. Thereby, even if the magnetization direction of the 
ferromagnetic layer 3 makes an external magnetic field act, it does not 
change. On the other hand, fundamentally, the magnetization direction of 
the ferromagnetic layer 4 may be freely rotated according to an external 
magnetic field, namely, the 1st ferromagnetic layer to which, as for the 
ferromagnetic layer 3, the magnetization direction was fixed in the 
magneto-resistive effect component 1 shown in drawing 1 , the so-called 
magnetization fixing layer, the 2nd ferromagnetic layer from which it 
comes out, and it is and, as for the ferromagnetic layer 4, the 
magnetization direction may change according to an external magnetic 
field, and the so-called free layer — it comes out. If it puts in 
another way, the magneto-resistive effect component 1 shown in drawing 1 
will use the magneto-resistive effect that tunnel resistance or tunnel 
current changes, if the include angle at which it is made for it to be 
reversed or to rotate, and the magnetization direction of the 
ferromagnetic layer 3 and the magnetization direction of the 
ferromagnetic layer 4 make the magnetization direction of the 
ferromagnetic layer 4 by the external magnetic field is changed. 
[0020] Ferromagnetic single tunnel junction 2a and the 
ant i ferromagnetism layer 8 which were mentioned above are usually formed 
by carrying out sequential membrane formation of the various thin films 
on one principal plane of a substrate 10. In addition, in the magneto- 
resistive effect component 1 of drawing 1 , between the substrate 10 and 
the ant i ferromagnetism layer 8, the laminating of the diffusion barrier 
layer 11 and the orientation control layer 12 is carried out one by one 
from the substrate 10 side, and the laminating of a protective layer 13 
and the wiring layer 14 is carried out one by one on the ferromagnetic 
layer 4. Moreover, a reference number 15 is an insulating layer. 
[0021] Drawing 2 is the sectional view showing roughly the magneto- 
resistive effect component concerning the 2nd operation gestalt of this 
invention. The magneto-resistive effect component 1 shown in drawing 2 
has the almost same structure as the magneto-resistive effect component 
1 shown in drawing 1 except having ferromagnetic duplex tunnel junction 
2b instead of ferromagnetic single NNERU junction 2a, and having the 
ant i ferromagnetism layer 9 further between ferromagnetic duplex tunnel 
junction 2b and a protective layer 13. 

[0022] In the magneto-resistive effect component 1 shown in drawing 2 , 
ferromagnetic duplex tunnel junction 2b makes the tunnel barrier layer 6 



intervene between the ferromagnetic layer 3 and 4, and has the 
ferromagnetic layer 4 and the structure where the tunnel barrier layer 7 
was made to intervene among five. This ferromagnetic duplex tunnel 
junction 2b is constituted so that tunnel current may flow between the 
ferromagnetic layer 3 and 4 and between the ferromagnetic layer 4 and 5 
through the tunnel barrier layers 6 and 7. 

[0023] Moreover, in the magneto-resistive effect component 1 shown in 
drawing 2 , the ferromagnetic layer 5 is also a magnetization fixing 
layer to which the magnetization direction was fixed by existence of the 
antiferromagnetism layer 9 the same with having explained the 
ferromagnetic layer 3. If the magneto-resistive effect component 1 shown 
in drawing 2 changes the include angle at which it is made for it to be 
reversed or to rotate, and the magnetization direction of the 
ferromagnetic layers 3 and 5 and the magnetization direction of the 
ferromagnetic layer 4 make the magnetization direction of the 
ferromagnetic layer 4 by the external magnetic field, it will use the 
magneto-resistive effect that tunnel resistance or tunnel current 
changes. 

[0024] Now, the magneto-resistive effect component 1 concerning the 1st 
and 2nd operation gestalten mentioned above is characterized by 
constituting from an ingredient which explains the ferromagnetic layer 4 
below. That is, the presentation of the ferromagnetic layer 4 is 
expressed with general formula (CoFe) 100-xYx or general formula 
(CoFeNi) 100-xYx in the magneto-resistive effect component 1 shown in 
drawing 1 and drawing 2 . In addition, in these general formulas, Y is 
at least one sort of elements chosen from the group which consists of B, 
Si, Zr, P, Mo, aluminum, and Nb. Moreover, x is a numeric value with 
which are satisfied of inequality 0< x<100, and is a numeric value with 
which are satisfied of inequality 3< x<16 preferably. 
[0025] Other than the ingredient shown in these general formulas not 
containing Element Y, when saturation magnetization Ms is small, 
therefore size of the magneto-resistive effect component 1 is 
contraction-ized compared with the ingredient which has the same 
presentation, a reversal field does not become large superfluously (or 
when the width of face W of the ferromagnetic layer 4 is narrowed). 
Moreover, since crystallization is controlled according to the above- 
mentioned ingredient containing Element Y when decreasing the thickness 
t of the ferromagnetic layer 4, the ferromagnetic layer 4 can be formed 
as continuation film. That is, even if it is the case where size of the 
magneto-resistive effect component 1 is contraction-ized, it becomes 
possible to maintain the reversal field of the ferromagnetic layer 4 



proportional to formula t-Ms/W to a value small enough by using the 
ingredient shown in the above-mentioned general formula. 
[0026] Drawing 3 is a graph which shows an example of the relation of 
the presentation and its magnetic-reluctance rate of change of the 
ferromagnetic layer 4 of the magneto-resistive effect component 1 
concerning the 1st of this invention, and the 2nd operation gestalt. 
This graph is drawn based on the data which have the presentation shown 
in general formula (Co9Fe) 100-xBx, and were obtained about the magneto- 
resistive effect component 1 using the ferromagnetic layer 4 whose 
thickness is Inm, an axis of abscissa shows x in the above-mentioned 
general formula equivalent to the concentration of B in the 
ferromagnetic layer 4, and the axis of ordinate shows magnetic- 
reluctance rate of change (%). 

[0027] The minimum of the thickness which can form membranes is about at 
most 1. 5nm, using as the continuation film the Co9Fe film which does not 
contain B by the usual membrane formation approach under a room 
temperature. When the Co9Fe film is formed as discontinuity film, the 
discontinuity film consists of the aggregates of the particle of the 
diameter of several nm. Lose the ferromagnetism under a room temperature, 
the magnetization direction stops becoming settled, and each of these 
particles serves as the so-called superparamagnetism. Consequently, 
magnetic-reluctance rate of change falls within the limits of practical 
magnetic field strength notably. 

[0028] If B is added to Co9Fe to it, when thickness is Inm, as about 
0. 5nm of thickness can form the continuation film, for example, it is 
shown in drawing 3 , by setting x to 3 thru/or 16, 10% or more and 
magnetic-reluctance rate of change high enough can be obtained, and 
thing magnetic-reluctance rate of change can be obtained 20% or more by 
making x about into five. 

[0029] In addition, the data shown in drawing 3 are obtained when B is 

added as an element Y, but the same inclination is observed when Si, Zr, 
P, Mo, aluminum, and Nb are added as an element Y. 

[0030] The reason whose formation of the very thin continuation film is 
attained when Element Y is added is that crystallization is controlled 
since the diffusion or migration of an atom which reached on the 
membrane formation side in the membrane formation process is controlled 
by addition of Element Y. Conversely, if it says, when not adding 
Element Y, since the diffusion or migration of an atom which reached on 
the membrane formation side is performed comparatively freely, 
crystallization tends to produce it. Therefore, with the conventional 
technique, the superparamagnetism to which the magnetization direction 



swings although each island is a ferromagnetic will be shown by forming 
the island-shape structure where the path of each island is about 
several nm, when thickness is made thin, consequently magnetic- 
reluctance rate of change becomes remarkably low. 

[0031] Moreover, in drawing 3 , if x increases exceeding 5, magnetic- 
reluctance rate of change will fall. Although [ necessarily ] the reason 
is not necessarily clear, if the concentration of Element Y becomes high, 
dispersion of conduction electron will increase, and it is thought that 
it is for whenever [ spin polarization / of the conduction electron of a 
Fermi level ] to fall remarkably. 

[0032] As explained above, in spite of being able to form the very thin 
continuation film and containing the element Y which is a non-magnetic 
material moreover, according to the ingredient shown in the above- 
mentioned general formula, magnetic-reluctance rate of change high 
enough can be obtained. That is, by constituting from an ingredient 
which shows the ferromagnetic layer 4 in the above-mentioned general 
formula, when size of the magneto-resistive effect component 1 is 
contraction-ized, a magnetic-reluctance ratio high enough can be 
maintained, and increase of a reversal field can be prevented. 
[0033] Especially the ingredient that constitutes the ferromagnetic 
layers 3 and 5 in the magneto-resistive effect component 1 mentioned 
above is not what is restricted. For example, a NiFe alloy, Fe, Co, 
nickel which are represented by the permalloy, And half metal, such as a 
Heusler alloy like the alloy containing them, NiMnSb, and PtMnSb, 
Various soft magnetic materials, such as half metal of oxide systems, 
such as Cr02, magnetite, and Mn perovskite, and an amorphous alloy, to 
hard magnetic materials, such as a CoPt alloy, a FePt alloy, and a 
transition-metals-rare earth alloy, can use various ferromagnetic 
ingredients. 

[0034] Moreover, in the magneto-resistive effect component 1 mentioned 
above, since those magnetization directions are fixed by switched 
connection with the ferromagnetic layers 3 and 5, the antiferromagnetism 
layers 8 and 9 are formed, respectively. In addition to the thin film 
which consists of antiferromagnetism ingredients, such as 
antiferromagnetism alloys, such as FeMn, IrMn, PtMn, and NiMn, and NiO, 
Fe 203, as these antiferromagnetism layers 8 and 9, antiferromagnetism 
switched connection film, such as Co/Ru/Co and Co/Au/Co, may be used, 
for example. 

[0035] The tunnel barrier layers 6 and 7 should just have the potential 
height and thickness of the range which can pass tunnel current between 
the ferromagnetic layer 3 and 4 and between the ferromagnetic layer 4 



and 5, respectively. As an ingredient of the tunnel barrier layers 6 and 
7, an oxide or a nitride containing aluminum, Si, Mg, rare earth 
elements, and these elements of an alloy etc. can be used, for example. 
However, as for the thin film which consists of an oxide insulator, a 
potential barrier changes with the production conditions etc. a lot. The 
property of the magneto-resistive effect component 1 needs to set up a 
class, production conditions, etc. suitably according to component size, 
while the degree of freedom of a setup of a component property becomes 
high when using such an oxide insulator since it changes a lot according 
to the width of face and the height of a potential barrier. 
[0036] In the above-mentioned magneto-resistive effect component 1, the 
silicon single crystal substrate with which the SiO diacid-ized film was 
formed in the front face can be used as a substrate 10, for example. The 
diffusion barrier layer 11 formed on a substrate 10 is for preventing 
diffusion, and can use Ta, TaPt, Ti, TiNx, and CoSi2 grade as the 
ingredient, for example. The orientation control layer 12 formed on a 
diffusion barrier layer is a substrate layer for forming the 
antiferromagnetism layer 8 which has a desired crystal stacking tendency, 
for example, may consist of ingredients, such as NiFe, and Cu, Ag, Au. 
Moreover, as an ingredient of a protective layer 13, Ta, Au, etc. can be 
used and aluminum, Cu, Ag, Au, etc. can be used as an ingredient of a 
wiring layer 14, for example. 

[0037] Next, the magnetic memory using the magneto-resistive effect 
component 1 concerning the 1st and 2nd operation gestalten is explained. 
[0038] Drawing 4 is the sectional view showing roughly the magnetic 
memory (MRAM) using the magneto-resistive effect component 1 concerning 
the 1st of this invention, and the 2nd operation gestalt. Moreover, 
drawing 5 is the representative circuit schematic of MRAM shown in 
drawing 4 . 

[0039] MRAM21 shown in drawing 4 has the silicon substrate 22. The gate 
electrode 24 is formed on this silicon substrate, and as this gate 
electrode 24 is inserted into the surface field of a silicon substrate 
22, the source drain fields 25 and 26 are formed in it. Thereby, MOS 
transistor 23 is constituted. In addition, the gate electrode 24 
constitutes the WORD line for read-out (WLl). Moreover, on the WORD line 
(WLl) 24, it writes in through an insulator layer 27 and the WORD line 
(WL2) 28 of business is formed. 

[0040] The end of the contact metal 29 is connected to the drain field 
26 of MOS transistor 23, and the substrate layer 30 is connected to the 
other end of the contact metal 29. The ferromagnetic tunnel junction 
component (TMR) 31 is formed in the location corresponding to the WORD 



line 28 on this substrate layer 30 (WL2), and the bit line 32 is further 
formed on TMR31. 

[0041] The eel of MRAM21 is constituted as mentioned above. In addition, 
TMR31 and the substrate layer 30 which are shown in drawing 4 are 
equivalent to the structure excluding the substrate 10, the protective 
layer 13, the wiring layer 14, the insulating layer 15, etc. from the 
magneto-resistive effect component 1 shown in drawing 1 and drawing 2 . 
[0042] The memory cell which consists of MOS transistor 23 mentioned 
above and TMR31 is arranged in the shape of an array, as shown in 
drawing 5 . The WORD line 24 for read-out (WLl) which is the gate 
electrode of a transistor 23, and the WORD line 28 for writing (WL2) are 
arranged in parallel. Moreover, the bit line (BL) 32 connected to the 
upper part of TMR31 is arranged so that it may intersect perpendicularly 
with the WORD line (WLl) 24 and the WORD line (WL2) 28. 
[0043] Since the magneto-resistive effect component 1 concerning the 1st 
and 2nd operation gestalten is used for this MRAM21, it can prevent 
increase of the reversal field of a free layer, maintaining a magnetic- 
reluctance ratio high enough, when the size of a memory cell is reduced. 
That is, when the size of a memory cell is reduced in this MRAM21, 
informational writing is fully possible with a current. 
[0044] In addition, in MRAM21, diode may be used instead of a transistor 
23. For example, MRAM21 can be obtained, even if it forms the memory 
cell which consists of a layered product of diode and TMR31 on the WORD 
line 24, and it forms the bit line 32 so that it may intersect 
perpendicularly with the WORD line 24 on TMR31. 
[0045] Next, the magnetic head using the magneto-resistive effect 
component 1 concerning the 1st and 2nd operation gestalten is explained. 
Drawing 6 is the perspective view showing roughly the magnetic-head 
assembly which has the magnetic head using the magneto-resistive effect 
component 1 concerning the 1st of this invention, and the 2nd operation 
gestalt. The magnetic-head assembly 41 shown in drawing 6 has the 
actuator arm 42 equipped with the bobbin section holding a drive coil 
etc. The end of a suspension 43 is attached in this actuator arm 42, and 
the head slider 44 is attached in the other end of a suspension 43. The 
magneto-resistive effect component 1 concerning the 1st and 2nd 
operation gestalten mentioned above is used for the magnetic reproducing 
head included in this head slider 44. 

[0046] On the suspension 43, the writing of a signal and the lead wire 
45 for reading are formed, and these lead wire 45 is electrically 
connected to the electrode of the magnetic reproducing head included in 
the head slider 44, respectively. In addition, in drawing 6 , the 



reference number 46 shows the electrode pad of the magnetic-head 
assembly 41. 

[0047] This magnetic-head assembly 41 may be carried in a magnetic 
recorder and reproducing device which is explained below. Drawing 7 is 
the perspective view showing roughly the magnetic recorder and 
reproducing device which carried the magnetic-head assembly 41 shown in 
drawing 6 . In the magnetic recorder and reproducing device 51 shown in 
drawing 7 , the magnetic disk 52 which is a magnetic-recording medium is 
supported by the spindle 53 pivotable. The motor (not shown) which 
operates according to the control signal from a control section (not 
shown) is connected to the spindle 53, and, thereby, rotation of a 
magnetic disk 52 is made controllable. 

[0048] The fixed shaft 54 is arranged near the periphery section of a 
magnetic disk 52, and this fixed shaft 54 is supporting the magnetic- 
head assembly 41 shown in drawing 6 through the ball bearing (not shown) 
arranged at those two upper and lower sides rockable. The coil (not 
shown) is twisted around the bobbin section of the magnetic-head 
assembly 41, and the permanent magnet countered and arranged on both 
sides of this coil and it and opposite York constitute the voice coil 
motor 55 with forming a magnetic circuit. It makes it possible to make 
it located with this voice coil motor 55 to up to the truck of a request 
of the head slider 44 at the tip of the magnetic-head assembly 41 of a 
magnetic disk 52. In addition, in this magnetic recorder and reproducing 
device 51, informational record and playback rotate a magnetic disk 52, 
and where the head slider 44 is surfaced from a magnetic disk 52, they 
are performed. 

[0049] As mentioned above, the magneto-resistive effect component 1 
concerning the 1st and 2nd operation gestalten can be used for magnetic 
memory, the magnetic head, magnetic-reproducing equipment, and a 
magnetic recorder and reproducing device. Moreover, the magneto- 
resistive effect component 1 concerning the 1st and 2nd operation 
gestalten can also be used for the field detection equipment which used 
a magnetometric sensor and it. 
[0050] 

[Example] Hereafter, the example of this invention is explained. 
(Example) It produced by the approach of explaining below the magneto- 
resistive effect component 1 shown in drawing 2 . First, Si/Si02 
substrate 10 was carried in in the sputtering system. Next, the initial 
degree of vacuum in equipment was set as 2x10 to 7 or less Torrs, after 
that, Ar was introduced in equipment and the pressure was set to 2x10-3. 
Subsequently, sequential membrane formation of the diffusion barrier 



layer 11 which consists of Ta with a thickness of 5nm on one principal 
plane of Si/Si02 substrate 10, the orientation control layer 12 which 
consists of NiFe with a thickness of 15nm, the antiferromagnetism layer 
8 which consists of Ir22Mn78 with a thickness of 17nm, and the 
ferromagnetic layer 3 which consists of CoFe with a thickness of Snm was 
carried out continuously. 

[0051] Next, the aluminum20x layer with a thickness of 1. 5nm was formed 
on the ferromagnetic layer 3 by carrying out sputtering of the 
20aluminum3 target in Ar gas. Subsequently, without carrying out a 
vacuum break, by carrying out glow discharge with introducing pure 
oxygen in equipment, the oxygen plasma was generated and the tunnel 
barrier layer 6 was obtained by oxidizing aluminum20x to aluminum 203 
using this oxygen plasma. At this time, accommodation of the conversion 
degree from aluminum20x to aluminum 203 was performed by controlling the 
power and oxidation time amount at the time of glow discharge. 
[0052] After exhausting pure oxygen from equipment, the ferromagnetic 
layer 4 which consists of 0.95 (Co9Fe)B0. 5 [ with a thickness of 1. 5nm ] 
on the tunnel barrier layer 6 was formed by performing sputtering under 
the conditions same with having mentioned above. Subsequently, 
sputtering was performed under the conditions same with having mentioned 
above in Ar gas, the aluminum20x layer was formed on the ferromagnetic 
layer 4, and the tunnel barrier layer 7 which consists of aluminum 203 
was obtained by carrying out oxygen plasma treatment of this aluminum20x 
layer. Furthermore, sequential membrane formation of the ferromagnetic 
layer 5 which consists of CoFe with a thickness of 5nm on the tunnel 
barrier layer 7, the antiferromagnetism layer 9 which consists of 
Ir22Mn78 with a thickness of 17nm, and the protective coat 13 which 
consists of Ta with a thickness of 5nm was carried out by performing 
sputtering under the conditions same with having mentioned above. 
[0053] Then, by carrying out patterning of these thin films using a 
usual photolithography technique and a usual ion milling technique, so 
that width of face W may be 2-0. 25 micrometers and die-length L may be 3 
times the width of face W prescribed the duplex tunnel junction section. 
The magneto-resistive effect component 1 shown in drawing 2 as mentioned 
above was obtained. 

[0054] In addition, the magnetization direction of the ferromagnetic 
layer 3 and the magnetization direction of the ferromagnetic layer 5 
were fixed in the same direction parallel to a substrate side by the 
antiferromagnetism layers 8 and 9. According to such a configuration, 
the magnetization direction of the ferromagnetic layers 3 and 5 does not 
change with the external magnetic fields where several 100 Oe extent is 



weak, and the magnetization direction of the ferromagnetic layer 4 
changes corresponding to an external magnetic field. Moreover, in this 
magneto-resistive effect component 1, resistance of ferromagnetic duplex 
tunnel junction 2b is the lowest when the magnetization direction of the 
ferromagnetic layers 3 and 5 and the magnetization direction of the 
ferromagnetic layer 4 are the same, and when the magnetization direction 
of the ferromagnetic layers 3 and 5 and the magnetization direction of 
the ferromagnetic layer 4 are opposite, it takes the highest value. 
[0055] (Example of a comparison) The magneto-resistive effect component 
1 shown in drawing 2 by the same approach as the above-mentioned example 
explained was produced except having formed the Co9Fe film with a 
thickness of 3nra instead of forming 0.95 (Co9Fe)B0. 5 film with a 
thickness of 1. 5nm as a ferromagnetic layer 4. 
[0056] Next, the magnetic-reluctance ratio (TMR) of the magneto- 
resistive effect component 1 produced in the above-mentioned example and 
the example of a comparison was investigated. In addition, the following 
etc. is defined by formula: TMR (%) =[(Rmax-Rmin) /Rmin] / 100, when TMR 
sets the minimum value of resistance of ferromagnetic duplex tunnel 
junction 2b to Rmin and maximum is set to Rmax. 

[0057] Drawing 8 is a graph which shows the magnetic-reluctance ratio of 
the magneto-resistive effect component 1 concerning the example and the 
example of a comparison of this invention. An axis of abscissa shows 
l/(micrometer-l) of inverse numbers W of the width of face W of the 
tunnel junction section among drawing, and the axis of ordinate shows 
the magnetic field strength He required to reverse the magnetization 
direction of the ferromagnetic layer 4 (Oe). Moreover, among drawing, a 
curve 61 shows the data obtained about the magneto-resistive effect 
component 1 concerning the example of this invention, and the curve 62 
shows the data obtained about the magneto-resistive effect component 1 
concerning the example of a comparison. 

[0058] As shown in drawing 8 , even if it makes width of face W of the 
tunnel junction section small to about 0.25 micrometers with the 
magneto-resistive effect component 1 concerning the example of this 
invention, the magnetic field strength He required to reverse the 
magnetization direction of the ferromagnetic layer 4 is fully as small 
as 40 or less Oes. And since the rate of change to the width of face W 
of magnetic field strength He is small, it turns out that it can deal 
also with the further detailed-ization. 

[0059] With the magneto-resistive effect component 1 which starts the 
example of a comparison to it, when width of face W of the tunnel 
junction section was set to about 0. 25 micrometers, the magnetic field 



strength He required to reverse the magnetization direction of the 
ferromagnetic layer 4 exceeded lOOOe(s), and it became difficult 
practically to reverse the magnetization direction of the ferromagnetic 
layer 4. 

[0060] In addition, except having used Si, Zr, P, Mo, aluminum, and Nb 
instead of B as an element Y, when the magneto-resistive effect 
component 1 which starts an example and the example of a comparison by 
the approach same with having mentioned above was produced and those 
comparisons were performed, the same inclination as the case where B is 
used as an element Y was seen. Moreover, when the same comparison was 
performed using the ingredient expressed with general formula (CoFeNi) 
100-xYx instead of the ingredient expressed with general formula (CoFe) 
100-xYx as an ingredient of the ferromagnetic layer 4, the inclination 
same with having mentioned above was seen. 
[0061] 

[Effect of the Invention] As explained above, in this invention, the 
predetermined ingredient which can obtain magnetic-reluctance rate of 
change [ form / and / the very thin continuation film ] high enough is 
used for the ferromagnetic layer from which the magnetization direction 
may change according to an external magnetic field. Therefore, when size 
is contraction-ized, a magnetic-reluctance ratio high enough can be 
maintained, and increase of a reversal field can be prevented. That is, 
according to this invention, when size is contraction-ized, the magneto- 
resistive effect component which maintains a magnetic-reluctance ratio 
high enough, and can prevent increase of a reversal field, magnetic 
memory, the magnetic head, and magnetic-reproducing equipment are 
offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The sectional view showing roughly the magneto-resistive 
effect component concerning the 1st operation gestalt of this invention. 
[Drawing 2] The sectional view showing roughly the magneto-resistive 
effect component concerning the 2nd operation gestalt of this invention. 
[Drawing 3] The graph which shows an example of the relation of the 
presentation and its magnetic-reluctance rate of change of the 
ferromagnetic layer of the magneto-resistive effect component concerning 



the 1st of this invention, and the 2nd operation gestalt. 
[Drawing 4] The sectional view showing roughly the magnetic memory using 
the magneto-resistive effect component concerning the 1st of this 
invention, and the 2nd operation gestalt. 

[Drawing 5] The representative circuit schematic of the magnetic memory 
shown in drawing 4 . 

[Drawing 6] The perspective view showing roughly the magnetic-head 
assembly which has the magnetic head using the magneto-resistive effect 
component concerning the 1st of this invention, and the 2nd operation 

gestalt. 

[Drawing 7] The perspective view showing roughly the magnetic recorder 
and reproducing device which carried the magnetic-head assembly shown in 
drawing 6 . 

[Drawing 8] The graph which shows the magnetic-reluctance ratio of the 
magneto-resistive effect component concerning the example and the 
example of a comparison of this invention. 
[Description of Notations] 

I — Magneto-resistive effect component 

2a — Ferromagnetic single tunnel junction 
2b ~ Ferromagnetic duplex tunnel junction 
3-5 ~ Ferromagnetic layer 
6 7 — Tunnel barrier layer 
8 9 — Antiferroraagnetism layer 
10 — Substrate 

II — Diffusion barrier layer 

12 — Orientation control layer 

13 — Protective layer 

14 — Wiring layer 

15 — Insulating layer 
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OtLTtt. ^Jxtfx «SttS i 02K^bK*W5'n 

^<3D*5fi|i*i:LTtt. Mf. Ta. TaPt. 



T i . T i Nx. RXJrC o S i ^^^mi^^Ztij^Tr^ 

©!eaiBiRitt««-r5S3S5aiif js a ^mm^tcA<oT 

mfST'&V. mXif. N i Fe, Cu, Ag, StfAu 

LTl*. mtf. Ta-^Au^^fiEffl-rSCtjS^T*. 
iHi^SI ACOif^mtLTit. mfHt. A L Cu. A 
g. Rl>Aull^1fffl-r5C:<!:/)^T*5o 
[0 0 3 7] ^ictC. ^1 SU=^2<Dll«iJ^!lllt«5iS« 

[ 0 0 3 8 ] El 4 li. :^mm(Df^ 1 2 (DUMJjg 
(C«^««SmSin5a»i!l^^ 1 «ffit^fc5S«P< =E'} (M R A 
M) ««lllg«lC/T^-rBiiBiaT«So $fcs ElStts 114 
izmtM R A M(0lSHffilsliSE17S%c 

[0 0 3 9] 04li:/Tx-rMRAM2 1«i«"JavS«2 
2««LTt>S, CO->'Jl]VSffi±ia*^r'-hllffi2 

4 tiTJj y vsffi 2 2 ©aiBiiJsHc 

tt. JI<Dy-l>fEffi2 4S8^C,fc5lCLTy-X- KU 
■Omms. 2 6*Wfie?*lTt^So CtllC^Ux M 

osh7v-:>•x^2 3^l'<!^^i!6^t^Tt^5o nts. -y-H 

lffi2 4«. Ma'aiLffl<7)7-F7'rv (WL1) ^« 
fi2LTl^?)o $fCv 7-^7-0 (WL1) 2 4±IC 
it. !J6iiS)S2 7^^LT«$>i^ffl©7-K^'rv (W 
L2) 2 8)!)WjS3-iKTt^5o 
[0 0 4 0] MOS h7V->'X^2 3(DKU'rv«H^2 
6 Ittta V^f ^ h P< ^^U 2 9 0-4S6^SSi* nTfc U v 
IlVd'^'h^4'/U29 ©ffiJffilCttTlfil 3 0 tl 
TL^So C:©T%H3 0±©7-K5'rv (WL2) 2 
8lc:Jstl5-r5fSWctt3SlKtthV*iUffi^l!l? (TM 
R) 3 1 3B«J15fiK*ftTfcy. *61C, TMR3 1±l::tt 

[0 04 1] MRAM2 i©-b;Uttx J.X±©J:5li:LT 
«^5-*lTl^?.<, ft*5. gl4lOT^-rTMR3 1StfT*6 
Ji 3 0 lis U>J^«\ 0 1 S0=I21 2 lC/Ts-r«aMSJnS(j^^ 

^16^6. mm^ 0. is-aiii b. esiii 4. mm 

[0 04 2] ±giLftMOS \-^y>fX^23tJMR 

Tu-fmcmmnT\.^^o v^yVT.^ 2 3©-^- h 

«®T'S«Ss*a3Lffl©7-K5l'> (WL1) 2 4 

»*ji*ffl©7-K7-r> (WL2) 2 8i:tt¥ff 
lCi3S*i|XTl^«o «fc, TMR3 10±a5lESiBI?*l 
fclf'yh^-fV (BL) 3 2tt. 7-K5'rv (WL 
1) 2 4St;7-K7'rv (WL2) 2 8i:«35-r5J: 

[004 3] 2:(7)MRAM2 Ui. miSt>~ll2<DllJS 
U -fe/KD+»■'rX*^il'J^LfcJi^^Cfe^.^Tt.v +iJlCif ^,^ 

SSMStlali**!^ L007 'J -l©seB£l^<Dli*=&R6 
±-r«£:i:fl«T-$S„ fJ&b-e. j:<3!)MRAM2 IT' 



(6) 



!|tl8200 2-2 04 0 04 



its p<^'J■tr;^©•9■'fX*ffi'J^Lfcli^^c^5L^T^.. + 

[0 0 4 4] tsis. MRAM2 ncfct^Ttt^ h^Vi^ 
2 3 (D^^cfc y tt. ^f'T?!— K^ffiffi LTt J:t\ (50 
7-K^'rV2 4±lC^f-l':t-Ki:TMR3 1i: 
oai«s:)b^6S5;/t'J-b)l/SJKflcU TMR3 1±lt 

RMLTtM R AM 2 1 SCi:*^-?-??), 
[0045] ;^(!lCs m 1 St^m 2 <7)*«IJB!tllC^SffiM 

H 6 li. 1 Stf m 2 ©llSSffJJIlCffi^Sffiaffi 

^•y K7-llV:?''J 4 1 lis «lJ^Wfs IBll3-<;l/««jfr 
5<l?t:va5Si:=&«iil^c7<'f^iX-^i7'-A4 2 

V4 3(7)ffiJStC«^'y KX7'r^r4 4Ai«l!iy#Jt6tlT 

±ai ufcm 1 -mm 2 onsgf^snc^^BSMffist 

Sdm^? 1 ttv c -y 7 'T ^" 4 4 icfflS^Jittifc 
[0 0 4 6] +»-X'^>->aV4 3±lC«fl#a)»*jA3^ 
Ki^4 5«^-y FX^-r^r4 4lCi|§3^)ittlfc?S 

5o I216^C^JU^T. #!1S^4 6B. BSa^'V K 
[0 0 4 7] c:©SSM^>y K7-bv7'J 4 1 tt. fiOA 

^i«o EI7tts EieiC/T^-riKM'^'y K7'-fev:?''J4i€' 

jf tt i.tzmmiwm^^w^wmitmrmmTii> 

gJ«tt;T-S55S«T'fX'>5 2ttXt^VK/U5 

[0 0 4 8] KMr-f 5 2 0RJ^gPja<glC«ll^tt 
5 43b^iBS*nTfcys e:o@^l45 4i*> ^a)±T2 

TEeicg^ffia^/S'y K7-bV:/'J 4 1 ^mmWics. 
itLTt^^o SSM'^y K7-tr>^'J 4 1 ©/l^lfVSBlctt 

t *n=&tt/uTJ«f iRl LTiH11**ifc*^<.5S5i:*flRl 3 - 

i:oTs m^'\y \''T-by7'J 4 1 ©JfeSO's-y F:^7 
'r^^'4 4^. lKMxV7.'J'5 2a)mS©h5'y^±'Ni: 



^7.^5 2^^m.^^T. 'X-y KX5'r^f4 4«-Sl^x 

-f x^? 5 2 f^e,^±i^rdm-^fjoo 

[0 0 4 9] JJi±®J:5tC. ll1Stfll2<Dll»lg1glC 

T'*5„ sft. sistf«2©iisfifejisic^«5aMia*t 

[0050] 

[ussiifj] i-XTv *3l^«a)llS(5^5lJ^col^Ti^^^■r«o 

t^:^=,ilcj:VY¥mLtco S i /S i 02St51 
0^Xn°«yJf'JV-9gai^tC«SALfc„ ^WCv SaF«30 
«JISRSig*2X 1 0-7To r rlXTlzm^U 

SSl*3lC A r *5IALTE^«2 X 1 O'Si: Lfco 

s i /s i 02S«i 0©-*a)SiB±»c. ^ 

S5nm<0Taft^6a«a:»/^'J7®1 K JI*15n 
m©N i F eft^eSSlBlRlS'JSPl 1 2. JP* 1 7 nm© 
I r22Mn78!!)'6=S:SS3j|5attH8. Stf&?3nmC0 
C o F e iS^iilSi^mmm 3 ^^jSgWldi^fiEHLfco 
[005 1] A r «X*7 A I zOs^-^-y 

X/\°-y'5'iJV'9-rSili:tcJ:yv ?SiS14S 3 ±l::;i* 
1 . 5 nmOA I 20xl=&fi£llLfc. 

iE«77X?5*iJfflLTA I 20x=£A I lOl'^tW^tt 

^ztKj^') vy^im^me^mtc. coti^. ai 
20x6^eA l203'\©s^S!S^©pa5^i^ <^p-»ttfi# 

[0 0 5 2] g«!b^6!SfiKfR€Sf«lLfc«s ±xELfc© 

V*;HtfiS6±lJ:JS7n. 5nm® (CogFe) 
0.95B0.56"6«:5a5aitJi4«fi8BILrCo ?»!t^T?» A 
r«'X*ltT^ ±^Lfc©i:lRl«©^fe#TT'X/\°-y^U 

>'?■^^^oT?t5S14S4±^cA i20xJi^fi!6^u cro 
A I iOyM^m,y^x^^mt^:iiiKii^) k 1 203 
*^6&§h>;?^;U^Sli7^iffco seic^ ±aiLft:a) 
i:lll«l<D^ffTT-X/\°-y 'J >'9■^^T3 ^t\zii^)s h 
Vt-;H^SS 7 ±IC. W?5nm©CoFe3b^6SS3i 
IKttlS. /iJl 7nm(7?l r22Mn78*'5^?.S3iJK 
1419. SO-~/I5-5 nm(DTa*^6&^ffiflllSl 3*)li 

[0 0 5 3] ^©m, Sm©7* 

~0. 2 5jLjmT'»yMO»?L*i«i|BW©3fitS5J: 
3 ic/x"^' --y<ft^ c i: ic J: y r« h v^/US^SP* 

[0 0 5 4] ^«£1£13©{i{b^[Rl<>:3il1ittl5 



(7) 



i|$BI200 2-2 040 04 



m&m 3 , 5 (omif^fRHtm i o o o e iglS(7)i§t^^g|: 
iRitt^8i5asJgics*j!SLTSib-r5, «fc. coKScfigi 

[0 0 5 5] (ib^J) 3S5g1f®4i:LTJI?1. 5n 
m© (CogFe) o.95Bo.5K*JfJ^'^S^^=k>yiJ=li* 
3 nm(7)C 09F e^^fgfi)6L/j:C:iJ.y^tt±fail]i«iJ 
TSiRS Lfc<^imi|ll<^^SlC J: y El 2 lc5T-r5S««fixa 

[0 0 5 6] mc. ±timmmmamiximLt!:m 
msmmm^f-iomfmrnit. (tmr) ^w<rco 

fc\ TMR tt. assists h 2 b 

'jNfil«Rmin<!: Laoft:*:filS'Rmaxi: Lft«^lC. TSB 

TMR (%) = [ (Rmax-Rmin) /Rminl /I 00 

[0 0 5 7] El 8 li, *580^<D*ffi«iJRtfJ±«fiiJlt^5 

El*s «atthVt>/U5g^SI5©itiW©a4iSl/W ((jm 

©iCiJJSSaSJiOSt^Hc (Oe) «5^LTt^5. * 

/-cs AH 6 1 it:^?^9^(Dm&mim?>mmim} 

[0 0 5 8] @8(c:,i^-r<^3(!:. :^iS^0ll%«!l(C^% 

2 5 pmSigtC'h* < LT^,^ 3S?Sttl40iKfb:&iRi« 
SS?-a:5<DtCjejSSaSJi(D3S* Hctt4 0 O eJJiTt 

^^b$^*'J^^l-^a)■c^. *6S5IS«^bH:*.*fJ!SRHg-Pi6 

[0 0 5 9] utiles* U itSiHJlJlC«5iSM}gfixX&^^ 
^IT-tts hV^^/U^g^gPWtsW^O. 2 5pm@gt 
■rSi:. 3SJKttS4©fia^b:&ia=&Se*ii5<DlC!E^gS 

i»ii(03ii;r Hc« 1 0 0 o e ^&7i. mm±. msi&m 

4©5BKb*lRl*5K*-(*50««Bilt«:ofc, 
[0 0 6 0] S&\ 7U«YtL7-B©f1itoyiCS i, Z 
r. p. Mo. A Is &XfNb^m^.^tcZ.tJ^^Lm±M 



fee ^/c. 3iiJittJi40«!|^iLT-«fiit (CoFe) 
100-xYx7«*n«**ll4<D«byiC-«fi^ (CoFeN 

[006 1] 

5BS^i^C)iE:CT^K^b:&IS]A^S^bL^#5§t58e®^^:. ffi46T 

itm^m^ z. t mmrim^o^mmmr^o "tote 

ib. ■t^-i'X^iHI'jN'fbL/cli^tctJl^Tt. +5Jt::;ft^fiS 
[Elii<7)fl9¥«S»R^] 

m 1 ] 1 (ommBmim^mm.mm 
mi] :^^9^(Dm2(Dmmwnzmmgmmm 
m 3 ] ^ Rxjfm 2 omimmz%^mfm 

im 4 ] 1 SO-S 2 ©IIS(iJ^!!Hc«558gS 

[115] iii4ioT^-riis»;><^i;<?5iiffiis]m 

[H 6 ] *^B^rom 1 SO-m 2 (0*fi6fBJglC««lKfiHg 

yy^j^mmz^t^mo 

fsMmm^^m^mmzmtnmo 
ms] :t^^<omBi9mfitmuz%immm3S^ 

1 -mm.immm^ 

2a-?i!ltt-ShV:?^;Hg^ 

3~5-3SKttS 

6, 7- -t-Vt^/l/ftS® 

1 0-S« 

1 i-ffitJ/^'JZJi 

1 2-BBlR)S'JSP® 

1 3-isai 

1 5-«g!i^S 



(8) 
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mi] m3] 




9 



^-A^ 



9 




(9) 



#112 0 02-2 0 40 04 




(51) Int. CI. 7 mm^ 

G 1 1 C 11/15 
H 0 1 F 10/16 
H 0 1 L 27/105 



F I 7-7:-K (##) 

H 0 1 F 10/16 

G 0 1 R 33/06 R 
H 0 1 L 27/10 4 4 7 

F^i-^(#%) 2G017 AA01 AB07 AD55 AD65 
5D034 BA03 BA08 BA15 CAOO 
5E049 AA04 AA09 ACQS BA06 BA12 
BA16 

SF083 FZIO KA01 KA05 



